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This invention relates to acrylic-based hot melt pressure sensitive adhes.ves that are rad,at.on cured^ 
Hot melt pressure sensitive adhesives are compositions that combine the properties of hot melt 
adhesives with the properties of pressure sensitive adhesives. The hot melts are solids at room tempera- 
fcre m upon application of heat, and regain their solid form on cooling. The P^-"^ " 
agg essive and permanently tacky at room temperature, and adhere to surfaces by e app ^ *W 
finger pressure. The combination of these properties provide compos,t.ons that are melts at elevated 
temperatures and cool to form a permanently tacky solid coating that adheres on contact These 
compositions are most commonly used applied to various substrates, such as paper, cloth, metal and 
pZc f ms which are then converted into tapes and labels for use in the packaging industry, particularly .n 
maSg. sealing and bonding applications, or for use in the health and pharmaceutical industry, particularly 
in bandages or transdermal drug delivery systems. 

A aood workable hot melt pressure sensitive adhesive must exhibit high cohesive strength at room 
temperature, low shrinkage on substrates (particularly flexible plastic), retention of pressure , sen* ve 
properties during storage and use, and a relatively fluid viscosity at commonly employed application 
temperSres of 80 -180- C. Although very low molecular weight polymers will y.eld a hot mert wrth 
S Tldity, the resulting adhesives lack cohesive strength. High molecular weight P*^s"b 
bette cohesive strength, but are too viscous at the common application temperatures to be easily coatable 
c?Z£^nd must be extended with a high proportion of low molecular weight oi* or resins to reduce 
Z viscosity. The addition of low molecular weight oils or resins in turn detracts from the corMMMrt^. 

To circumvent these problems, low molecular weight polymers have been made w,th ole f.n.c un- 
saturln on side chains. The olefinic unsaturation is then crosslinked by electron bearr , or ultra-viole 
Sa ion to provide sufficient cohesion and tack. Ordinarily, most of the olefmic double bonds ha 
polymerize by free radica! reactions are also thermally polymerizable. In this regard, it .s know -that 
ac Zes methacrylates, styrenes. vinyl ester, and allyl compounds, for example, are quite susceptible to 
thermS' induced ^polymerization (see, Principles of Polymerization. Second Edition, George Odian John 
WNey & Sons (1981), page 214). A"hot melt adhesive, which is a 100% solid composrtion, must be heated 
totemperaLs in the 'range of 80-180-C in order to realize a sufficient viscos.ty for the proper 
processing and coating of the polymer. When hot melt pressure sensitive adhesrves with pendant 
uTaSon encounter "high processing temperatures for .ong periods of time, the pendant unsaturate 
begins to crosslink and the adhesives exhibit an increase in viscosity and eventually gel. 

For example, United States patent 4,234,662, issued 18 November 1980 to Pastor et a . teaches a hot 
melt pressure sensitive adhesive prepared by introducing a predetermined amount of pendant ^ vinyl 
2 Saturation into a saturated polymeric chain that is the base for the adhes.ve. In the method **»«hn 
thisTatent allyl acrylate or methacrylate is copolymerized with an acrylic monomer and reliance -s placed 
in reactivity between the acrylic double bond and the allylic double bond to control the 
level of polymerization, and ultimately, the level of crosslinking. Nevertheless, in commercial practice this 
Zrential is not sufficient and large scale production frequently leads to excess.ve polymer.zat.on and 

'^nSstatrpatent 4,665.106. issued 12 May 1987 to Ohtaetal.. teaches a radiation c^epr«sure 
sensitive adhesive. This adhesive is not a hot melt, but does comprise low molecular we,ght oligomers 
prepa ed by introducing one or more olefinic unsaturated bonds into side chains of the adhesive polymer 
The proceS comprises copolymerising an acrylic ester compound with a monomer hay.ng a carboxy 
hvdroxyl epoxy, or amine group, and then reacting that functional group in an add.tion reaction with another 
monomer hTng one or more unsaturated double bonds. This method would appear to ehm.nate the 
premZe geJbn during polymerization caused by the presence of allyl groups ."°^™~"» 
Sinking is still a problem that is addressed by the addition of large amounts of chain transfer agents to 

TSefore!^ is a need for a hot melt pressure sensitive adhesive with a workable combination of 
good cohesive and adhesive properties, and a controllable amount of crosslinking that w,ll rema.n thermal* 

50 stable during processing and coating operations, but at the same time, w,ll be easily cured by act.n,c 
radiation after processing or coating to a substrate. 

This invention is a process for the preparation of a radiation cured, hot melt, pressure sens.t,ve 
adhesive that is a viscoelastic solid at room temperature, that is fluid and thermally : sta ble at common y 
employed industrial application temperatures, and that crosslinks upon exposure to UV or EB rad.at.on to 

55 provide pressure sensitivity. The process comprises preparing a saturated polymenc chain from aery c or 
a combination of acrylic and vinyl, monomers, introducing pendant unsaturation onto the saturated 
Polymeric chain by the incorporation of 1-(1-isocyanato-1 -methyl ethyl)-3-(1 -methyl ethenyl benzene (m- 
Tm™ a separate reaction from the initial polymerization, and crosslinking the pendant vinyl unsaturation 
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by nation to provide the reared P""^^ 

monomers, at least one of which also contams a ^iK^SS temperature, has a glass transition 
amide group, to result in a polymer t at ,s 1^%^*^^ haS a BrnddM viscosity 
temperature (Tg) in the range of -60 C to +5 C prefe ably - «j ^ 
in the range of 500,000 to 1,000 mPa.s ^.^^J^S^U^ ethenyl)benzene (m- 
the functional group on the copolymer wrth ^-^^^^^^J^ temperature, and 
TMI) in a condensation ^ Z^^'JS^ at temperatures up to 

S rrTA^p^^ ST-—- «■ — to — the 

pendant vinyl groups and provide a pressure M ^ a ***V „ re sensitive adhesive 

in another embodiment, this ^^^Z res Z 7^TsL to a temperature in the 
^^C?SfS?^ "nd coating the fluid po.ymer onto a 

substrate before irradiation. Mi „ hlfl hnt mplt adhesive that achieves pressure 

j^r»5SS^^£r — — 

adhesive, Ms invention *** . JW"*"" mon» ^ W «J » m , ic 
achate ester monomers selectee rem the W~-£J> °' « » ' » J ; \ M such tt „. 

S^rssrrja^^y ^ -** — ■ - 

their corresponding branched isomers, such as, ^" e ^J^'^ tj ^ ,V J^ „,„ ^ monomers include vinyl 

and styrene. ~ t hui arrviate and methyl methacrylate, which are not 

car^»r;K^^^ 

reaction with m-TMl. , +h=»t inmmorated into the polymeric chain 

and cohesive strength for the end use cont empMed ^ s ^ ' ^received, the production line speed, 



55 

0.01 to 10 weight % 
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used as a film. rross | in ked bv ultraviolet (UV) or electron beam (EB) radiation 

commocially. ance to ndjaon MM "J" £ |rom E ,„ c , Wilmington, 

^Te^sive containing the photoinitiator (and if desired, the photoactivator) is exposed to ultraviolet 
The adhesive comainmy uw h nreferablv 2000-3500 A, for a period of time 

UV, Wilmington, Massachusetts. 
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Irradiation may be carried out at any temperature, and most suitably is carried out at room temperature 
,or m" reasons. The distance between the radiation source and ^^°VS C mTl 7 C^ 
may range from about 0.32cm to 25.4cm (1/8th to 10 inches), and preferably .s from 0.32cm to 17.8cm (1/8 

10 7 ih C e h fo1owing examples show the preparation of a hot melt pressure sensitive adhesive with ^rosf Wng 
fnnr innaiifv introduced with m-TMI, maleic anhydride, amino vinyl ether, or allyl .socyanate. The base 
a ZTZs pre red ac orlg to the procedure below, functional,**, and tested for thermal stabil.ty 
The Tesulte show that the alpha-methyl styrene moiety of the m-TMI is uniquely resistant to thermal, as we 
I?ft?S^n«^ri«rton at high temperatures. This stability permits the preparat.cn of h.gh molecular 
weight melt systems with pendant a.pha-methyl styryl double bonds that are stable up to 

temperatu^s of 180'C for extended periods of time, without the addition of free rad.cai Platan 
nEfs n addition, the adhesives were heated to 180'C, applied to a substrate, and .rradiated w,th UV or 
EB radiation to impart pressure sensitivity. The adhesives were then tested for adhes,on and cohes.on and 
the results show Z the pendant double bonds of the m-TMI are easily crosslink by UV or EB rad.at.on 
at ambient temperatures (less than 30 • C). 
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Examples 

Preparation of base polymer. A mixture of acrylates in the ratio of 50 parts ettylhexyl acrylate 35 parts 
metSy acrylate, and 10 parts butyl acrylate, was polymerized with 5 parts 2-hydroxyethyl acryla* .and ai 
P?rt mercaptoeihanol as a chain transfer agent to give a polymer with 0.43 mmol hydroxy funct.onal.ty per 
gram of polymer. The reagents and procedure were the following: 
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Monomer Mix 


PPHM 


Weight (grams) 


2-Ethylhexyl acrylate (2- EH A) 
Methyl acrylate (MAc) 
Butyl acrylate (BA) 
2-Hydroxyethyl acrylate (2-HEA) 
Mercaptoethanol (2-ME) 


50 
35 
10 
5 

0.1 


500.00 
350.00 
100.00 
50.00 
1.00 


Initial Charge 






Monomer mix 
Ethyl acetate 

2 2'-Azo-bis(2-methylbutanenitrile) (initiator commercially 
available as Vazo 67 from E.I. Du Pont de Nemours & Company) 


16 
0.1 


100.10 
160.00 
1.00 


Monomer Slow Add 






Monomer mix 




900.90 


Initiator Slow Add 






Ethyl acetate 

2 2 , -Azo-bis(2-methylbutane nitrile) 


12 
1 


120.00 
10.00 


Scavenger Slow Add 






Ethyl acetate 

t-Amylperoxypivalate (commercially available as Lupersol 
554.M50 from Atochem) 
Total Weight 
Theoretical Solids 


4 

0.9 


40.00 
9.00 

1341.00 
75.80 



The monomer mix was prepared and thoroughly mixed. The initial charge was charged to a 3-l,ter 
rea don Sapped with a condenser, paddle stirrer, dial thermometer, addition funnels, and water bath. 
SSS?SiS^S. heated to reflux and held for ten minutes. Simultaneously, the rema.n.ng monomer 
mix tTJEom two hours and the initiator was added over three hours while rn.nb.nmg reflux. At the 
TmplSon of the initiator addition, the reaction was held at reflux for an ^i«onal three hours At t he end 
« *- h^H rwinH the scavenaer catalyst was added over one hour and then held at reflux for two hours. 
V^T^e IZSZSZli**** for residual 2-EHA. (Residua. 2-EHA should be less than 
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0 1% If it is greater, additional scavenger is added in an amount of 0.9 pphm and the reaction held for an 
addHiona one hour, with repetitions of this step as many times as is needed.) The reding fu ton had a 
soTcontent of 75-76%; intrinsic viscosity of 0.27-0.31; Mw of approximately 100.000; Mn of approxi- 
mately 20.000; and a moisture content of 0.067% by Karl Fischer titration. 

A second base polymer was prepared according to the same procedure in which 4.2 parts of maleic 
anhydride was substituted for the 5 parts of 2-hydroxyethyl acrylate to give 0.43 mmo. anhydride 

^Cl^ZZ^on^ to the Base Po.yme, The base polymer was divided into f four 
samples One sample was held as the control with no olefinic unsaturation incorporated Three of the 
^p es we" reactL in separate condensation reactions with 0.175 mi.limo.es of m-TMI. mafcic a^hydr^ 
and ally, isocyanate per gram of base polymer. The second base polymer was funct.onal.zed w.th 0.175 
millimoles of 3-aminopropylvinyl ether per gram of polymer, 

ThV^ndensation reactions were conducted in a similar equipment set-up for the polymenzation. with 
the addition of a CaCfe drying tube to the condenser. The apparatus was sealed to hold 20 mm vacuum. 
Z w^r content of the polymer solution was checked by Kar. Fischer titration and confirmed tc > be, below 
0 1%. The olefinic monomer was added to the polymer solution and stirred for ten m.nutes at 30 C The 
catalyst was added and the reaction mix stirred for 10 minutes. The mixture was warmed to 50 C, held for 
3 Tours and then cooled to room temperature. When the reaction was complete, the solvent was stripped 
under reduced pressure (10-30 mm Hg) at 95'C and the reaction product discharged while still approxi- 

SmaTsttblli^ as a Function of Time. The control and each of the samples were held for two hours at 
elevated temperatures and observed for gelation, an indication of thermally induced crosslinking. The 
results are set out in Table I and show that the unsaturation from the the alpha-methyl styrene moiety of m- 
TMI is more thermally stable than the unsaturation introduced from the other olefinic sources. 

Table I 





Brookfield Viscosity as a Function of Time 




30 


Sample 


Temp. °C 


1 Hour 


2 Hours 


35 


Control 
a-methyl styrene 
maleic anhydride 
3-aminopropylvinyl ether 
allyl isocyanate 


180 
180 
150 
38 
180 


4000 mPa.s 
4800 

gel 

gel 
6000 


mPa.s 
7000 
gel 
gel 
gel 
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ADDlicatlon to Substrate and Irradiation of Samples. Additional samples were prepared according to 
thCocedure above incorporating varying levels of m-TM. (in mmol/gram of polymer). Each of the sample 
was heated to 180- C and applied at varying coating thicknesses to a 2 mil (1 mil = 25 microns) h ck 
SS m^ substrate (Mylar®, a product of DuPont). * . apptod to substrate ' : ^«*» 
samples was then irradiated with UV or EB radiation at varying line speeds. (The indication 0 in the tables 
un^-Jmp" means that no UV radiation was supplied.) UVradiation wassupplied by a D lamp (ava. able 
,1 FusTn Systems) at 600 watts at production Me%^^rW 2 ^^Xe (30 to 80 feet pe 
minute) At 15 25m/min with a 600 watt lamp, the energy density is calculated to be approx.mately 0.85 
j/cm 2 EB radiation was supplied by Electrocurtain Processor at 1-6 Mrads dosage. 
Tests' for Adhesive Properties. Each of the samples was tested for peel adhesion at 180- angle and 
holding power (shear adhesion) according to the following test methods for pressure sensitive tapes 
developed by the Specifications and Technical Committee of the Pressure Sensitive Tape Counc.l. 

180» Peel Adhesion Test (PSTC-1): This test measures the force required to remove a pressure- 
sensitive tape from a stainless steel panel at a 180' angle at a speed of 30.5 cm/minute (12 inch/minut^ 
The tape, polyethylene terephthalate) (Mylar) substrate and the sample adhes.ves at various coating 
thicknesses is prepared to size (2.54cm x 15.25cm x 1.5 mils) (1 inch x 6 inch x .5 mi* and a hered to 
the stainless steel panel. An end of the tape is pulled back at 180- angle at a rate of pull of 30.5 cm (12 
nches Per minute by an Instron Tensile Tester, and the force necessary to effect ^ m ^ZT^ 
in ounces per inch width of tape. Tests were taken at 20 minutes and 24 hours after V**™^ 
stainless steel panel. It will be noted that the adhesives prepared suffer a reduction ,n peel ; after .r achation. 
However the values are still commercially acceptable and are more than compensated by the .mprove- 
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Siea^Adheslon Test (PSTC-7): This test measures the ability (shear strength) of a pressure sensitive 
taoe to remain adhered under load applied parallel to the surfaces of the tape. The coated sample is 
prepared to size (15.25cm x 1.27cm) (6 inch x 0.5 inch) and is applied to a vertical standard stainless steel 
oanel with a 1.27 cm (0.5 inch) overlap joint. A 1000 g mass is suspended from the sample and the time 
until failure (separation) is measured. The test is carried out at 23 • C and 50% relative humidity. 

The results are set out in the following tables and show that the hot melt pressure sensitive adhesives 
made by this method have acceptable peel values and good shear values. 
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Table 


II - EB 


















Peel* 


Shear 


15 


Sample 


Cross linker 
mmol/g 


Coat 
Weight 
{mil \ 


Dose 
(mrad) 


20 min 
Newton/m 
(oz/in) 


' 24 hr 
Newton/m 
(oz/in) 


• 28kg/cm 
(4 psi) 
hr, min 




A 


0.44 mmol 
m-TMI 


1 


0 


700.8 
(64) c 


774.4 
(71) c 


3 min 


20 






1 
1 


4 
6 


229.9 
(21) a 

175.2 
(16) a 


438 
(40) a 

350.4 
(32) a 


91 hr 
58 hr 








1.5 


0 


657 
(60) c 


711.7 
(65) c 


2 min 


25 






1.5 


4 


416.1 
(38) a 


514.6 
(47) a 


31 hr 




B 


0.31 mmol 
m-TMI 


0.5 


0 


711.8 
(65) c 


766.5 
(70) c 


2.7 min 


30 






0.5 


4 


339.4 
(31) a 


470.8 
(43) a 


45 hr 








0.5 


6 


284.7 
(26) a 


295.6 
(27) a 


52 hr 








1 


0 


667.9 
(61) c 


733.6 
(67) c 


2.5 min 


35 






1 


4 


459.9 
(42) a 


667.9 
(61) a 


33 hr 








1 


6 


361.3 
(33) a 


448.9 
(41) a 


36 hr 


40 






1.5 


0 


613.2 
(56) c 


657 
(60) c 


1 min 








1.5 


4 


514.6 
(47) a 


711.7 
(65) a 


37 hr 


45 






1.5 
2 


6 
0 


361,3 
(33) a 

657 
(60) c 


481.8 
(44)a 

678.9 
(62) C 


25 hr 
1.3 min 








2 


4 


744.6 
(68) a 


1029.3 
(94) c 


19 hr 


50 






2 


6 


295.6 
(27) a 


514.6 
(47) a 


22 hr 



55 
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Table II - EB - cont'd 



Peel* 



shear 



5 


Sample 


Cross linker 
mmol/g 

polymer 


Coat 
Weight 
(mil) 


Dose 
(mrad) 


20 min 
Newton/m 
i oz/inl 


24 hr 
Newton/m 
(oz/in) 


.28kg/cm 2 
(4 pal) 
hr, min 


10 


c 


0.175 mmol 
m-TMI 


1 
1 


0 
4 


569.4 
(52) C 

547.5 
( bU] a 


635.1 

766.5 
( 70* a 


1 min 
29 hr 








1 


6 


361.3 
(33) a 


525.6 
(48) a 


47 hr 








2 


0 


646.0 
(59) C 


711.7 
(65) c 


1 min 


15 






2 


6 


558.4 
(51) a 


558.4 
(51) a 


17 hr 




Control 


0 crosslinker 


1 


0 


350.4 
(32) c 


448.9 
(41) c 


1 min 


20 






1 


4 


459.9 
(42) c 


580.3 
(53) c 


2 min 








1 


6 


459.9 
(42) C 


646.1 
(59) c 


2.5 min 



* "a" indicates adhesive failure 



"c M indicates cohesive failure 
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Table III - UV 



Peel* Shear 



5 


Sample 


Crossl inker 
mmol/g 
polymer 


Coat 
Weight 
(mil) 


Lamp 


Speed 
m/min 
(ft/m 
in) 


20 min 
Newton/m 
(oz/in) 


24 hr 
Newton/m 
(oz/in) 


0.28kg/ 

cm 2 
(4 psi) 
hr, min 






0 • 44 tnmol 
m-TMI 


1 


0 


0 


394.2 
(36) c 


383.2 
(35) c 


0 


10 






1 


D 


12.2 
(40) 


394.2 
(36) a 


448.9 
(41) c 


115 hr 






1.5 


0 


0 


350.4 
(32) c 


405.1 
(37) c 


0 








1.5 


D 


12.2 
(40) 


481.8 
(44) a 


613.2 
(56) c 


57 hr 


75 






1.5 


D 


9.15 
(30) 


372.3 
(34) a 


383.2 
(35) a 


104 hr 








2 


0 


0 


405.1 
(37) c 


448.9 
(41) c 


0 


20 






2 


D 


9.15 
(30) 


405.1 
(37) a 


470.8 
(43) a 


102 hr 






2 


D 


12.2 
(40) 


536.5 
(49) a 


580.3 
(53) a 


38 hr 








3 


0 


0 


361.3 
(33) c 


427.0 
(39) c 


0 


25 






3 


D 


12,2 
(40) 


613.2 
(56) a 


788.4 
(72) a 






B 


0.31 mmol 
m-TMI 


0.5 


D 


12.2 
(40) 


470.8 
(43) a 


876.0 
(80) c 


91 hr 


30 






0.5 


D 


6.1 
(20) 


317.5 
(29) a 


394.2 
(36) a 


70 hr 








0.5 


D 


18.3 
(60) 


886.9 
(81) c 


481.8 
(44) a 


42 hr 








1 


0 


0 


459.9 
(42) c 


514.6 
(47) c 


0 



35 



40 



45 



50 



9 



EP 0 608 891 A1 



10 



15 



20 



25 



30 



35 



40 







Table III 


- UV - 


cont ' d 
















Peel* 


Shear 


Sample 


Cross linker 

mmol/g 
polymer 


Coat 
Weight 
(mil) 


Lamp 


Speed 
m/min 
(ft/m 
in) 


iiU min 

Newton /m 
(oz/in) 


24 hr 

Newton/m 
(oz/in) 


0.28kg/ 
cm z 

i A *\a 4 \ 

(4 psi) 
hr, min 






1 


D 


9.15 


481.8 


886.9 


93 hr 










(30) 


(44) a 


(81) C 








1 


D 


12.2 


624.1 


700.8 


73 hr 










(40) 


(57) a 


(64) a 








1 


D 


15.25 
(50) 


886.9 
(81) c 


711.7 
(65) a 








1.5 


0 


0 


448.9 


503.7 


0 












(41) c 


(46) c 








1.5 


D 


12.2 


700.8 


799.3 










(40) 


(64) a 


(73) a 








2 


0 


0 


361.3 


361.3 


0 












(33) c 


(33) c 








2 


D 


12.2 


876.0 


1105.9 


18 nr 










(40) 


(80) a 


(101) c 




C 


0.175 mmol 
m-TMI 




D 


12.2 
(40) 


766 . 5 
(70) a 


(98) c 


35 hr 






1 


o 


o 




416 . 1 


0 












(36) c 


(38) c 








1 




12 . 2 


AAA 1 


876 . 0 


24 hr 










(40) 


(59) a 


(80) a 




A 


0.44 mmol 
m-TMI with 
acrylic 
acid 


■t 
X 


o 


0 


1105.9 
(101) c 


1193.5 
(109) c 


0 








D 


12.2 


A AO Q 


470.8 


23 hr 










(40) 


(41) a 


(43) a 








1.5 


u 


0 


1095.0 


1095.0 


0 












(100) c 


(100) c 








1.5 


V 


12.2 


416.1 


416.1 


16 hr 










(40) 


(38) a 


(38) a 




B 


0.31 mmol 
m-TMI with 
acrylic 
acid 


1 


0 


0 


1095.0 
(100) c 


1138.8 
(104) c 


0 






1 


D 


12.2 


416.1 


503.7 


34 hr 










(40) 


(38) a 


(46) a 








1 


D 


9.15 
<30) 


350.4 
(32) c 




24 hr 



45 



50 



55 
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Table III - UV - cont'd 



Sample 



Peel* 



Cross linker 
mmol/g 
polymer 



Coat 
Weight 
(mil) 



Lamp 



Speed 
m/min 



20 min 24 hr 
Newton/m Newton/m 
(oz/in) (oz/in) 



shear 



0.28kg/ 

cm 2 
(4 psi) 
hr, min 



70 



75 



0.175 mmol 
m-TMI with 
acrylic 
acid 



0.5 

0.5 
0.5 
1 

1 



D 

D 
0 
D 



12.2 
(40) 

6.1 
(20) 



12.2 
(40) 



1073.1 
(98) c 



459.9 
(42) a 

306.6 
(28) c 

1193.5 
(109) c 

448.9 
(41) a 



1040.2 
(95) c 



1127.8 
(103) c 

580.3 
(53) a 



18 hr 
17 hr 

0 

19 hr 



20 



* "a" indicates adhesive failure 



"c" indicates cohesive failure 



25 Claims 

1. A process for the preparation of a radiation cured, hot melt, pressure sensitive adhesive that comprises 
the steps of: 

(a) copolymerizing acrylic, or a combination of acrylic and vinyl, monomers, at least one of which 
30 also contains a functional group selected from the group consisting of hydroxyl, amine, carboxyl and 

amide, to result in a polymer that is a viscoelastic solid at ambient temperature, has a glass 
transition temperature (Tg) in the range of -60 *C to +5*C, and has a Brookfield viscosity in the 
range of 500,000 to 1 ,000_mPa.s at temperatures in the range of 80 • C to 180 ° C; 

(b) reacting the functional group on the copolymer with 1-(1-isocyanato-1 -methyl ethyl)-3-(1 -methyl 
35 ethenyl)benzene (m-TMl) in a condensation reaction, to provide a polymer that is a solid at ambient 

temperature and that has pendant vinyl groups that are stable to thermally induced crosslinking at 
temperatures up to 180*C; and 

(c) exposing the polymer to electron beam or ultraviolet radiation sufficient to crosslink the pendant 
vinyl groups and provide a pressure sensitive adhesive. 

40 

2. The process according to claim 1 in which the radiation in step (c) is electron beam radiation. 

3. The process according to claim 1 in which a photoinitiator is admixed into the polymer before it is 
irradiated, and the radiation in step (c) is ultraviolet radiation. 

45 

4. The process according to claim 1 in which the acrylic monomers are selected from the group 
consisting of a,/3-unsaturated Ci - Cs mono- and dicarboxylic acids, and Ci - Cu alkyl esters of acrylic 
and methacrylic acid. 

so 5. The process according to claim 1 in which the vinyl monomers used in combination with acrylic 
monomers are selected from the group consisting of vinyl esters, vinyl ethers, vinyl halides, vinylidene 
halides, and nitriies of ethylenically unsaturated hydrocarbons. 

6. The process according to claim 1 in which the acrylic or vinyl monomer having a functional group is 
55 present in an amount of 0.1%-20% by weight of the polymer. 

7. A process for preparing a hot melt pressure sensitive adhesive on a substrate that comprises the steps 
of: 



11 
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10 



15 



20 



(a) coDolvmerizing acrylic, or a combination of acrylic and vinyl, monomers, at least one of wh.ch 
ImZTZcM group selected from the group consisting of hydroxyl, am.ne. carboxyl and 
» m ^r to result in a polymer that is a viscoelastic solid at ambient temperature, has a glass 
rs^tCle 3 Kin the range of -60-0 to ♦ ^a«. viscos,ty , the 
rannfl of 5on 000 to 1 ,000 mPa.s at temperatures in the range of 80 C to 1BU u, 
^Z'Zl^ group on the copolymer with 1-(1-isocyanato-1 -methyl e^J y 
ethenvnbenzene (m-TMl) in a condensation reaction, to provide a polymer that ,s a solid a amb.en 
T^e Z tx has pendant vinyl groups that are stable to thermally induced crossl.nk.ng at 

SKJJ." *ZZ ' Polymeric solid to a temperature in the range of 80-C to 180- C to render 

the solid fluid and coatable; 
/rh rnatina the melted polymer onto a substrate; and 

S exS ^coated pdymer to electron beam or ultraviolet radiation sufficent to crossl.nk the 
pendant vinyl groups and provide a pressure sensitive adhesive. 

8. The process according to claim 7 in which the radiation in step (e) is electron beam radiation. 

9 The process according to claim 7 in which a photoinitiator is admixed into the polymer before it is 
irradiated, and the radiation in step (e) is ultraviolet radiation. 

m ThP orocess according to claim 7 in which the acrylic monomers are selected from the group 
lonsiS of Xlrald ft - ft mono- and dicarboxy.ic acids, and ft - Cu alkyl esters of aery!, 
and methacrylic acid. 

-i- ^io;m 7 in whirh the vinvl monomers used in combination with acrylic 

halides. and nitriles of ethylenically unsaturated hydrocarbons. 

12 The process according to claim 7 in which the acrylic or vinyl monomer having a functional group is 
30 present in an amount of 0.1 %-20% by weight of the polymer. 

13. The process according to claim 7 in which the substrate is selected from the group consisting of films, 
tapes, sheets, and panels. 
35 14. A pressure sensitive adhesive coated substrate prepared according to the process of claim 7. 

15. The substrate according to claim 14 selected from the group consisting of films, tapes, sheets, and 
panels. 

40 16. A radiation curable hot melt adhesive that achieves pressure sensitivity on irradiation with UV or EB 
radiation prepared by the process according to steps (a) and (b) of claim 1 . 

17. A radiation cured hot melt pressure sensitive adhesive prepared by the process according to claim 1. 

45 18. A radiation cured hot melt pressure sensitive adhesive on a substrate prepared according to the 
process of claim 7. 
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